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$u(t, x)$ : $\mathbb{R}x\mathbb{T}arrow \mathbb{R}$ $\mathbb{T}=\mathbb{R}/(2\pi \mathbb{Z})$ $\mathbb{T}$
\iota $\mathcal{F}$ : $\varphi(x)\mapsto \mathcal{F}\varphi(k),$ $\varphi=\sum_{k\in 7_{A}}\varphi(k)e^{ikx}$
$u_{t}+u_{xxx}=0$ $u=e^{-t\partial_{x}^{3}}u(0):=\mathcal{F}^{-1}e^{itk^{3}}\mathcal{F}u(0)$ (2.1)
$u=\mathcal{F}^{-1}e^{itk^{3}}u\wedge$ Duhamel :
(2.2) $\wedge u(t, k)=\wedge u(0, k)-\int_{0}^{t}\sum_{k=k_{1}+k_{2}}e^{-isk^{3}}(ik)[e^{isk_{1}^{3_{\wedge}}}u(s, k_{1})][e^{isk_{2}^{3_{\wedge}}}u(s, k_{2})]ds$ ,
$k=k_{1}+k_{2}$ $k_{1},$ $k_{2}$ phase
$-(k_{1}+k_{2})^{3}+k_{1}^{3}+k_{2}^{3}=-3(k_{1}+k_{2})k_{1}k_{2}$
(2.3) $\wedge u(t, k)=u\wedge(0, k)-\int_{0}^{t}\sum e^{-3iskk_{1}k_{2}}(ik)^{\wedge}u(s, k_{1})^{\wedge}u(s, k_{2})ds$ .
$kk_{1}k_{2}\neq 0$ phase part
$\wedge u_{t}=-e^{-itk^{3}}\mathcal{F}(u^{2})_{x}$
(2.4) $-[ \frac{e^{-3skk_{1}k_{2}}1}{-3k_{1}k_{2}^{\wedge}}u\wedge(s, k_{1})u\wedge(s, k_{2})]_{0}^{t}+\frac{2}{3}\int_{0}^{t}e^{-isk^{3}}\mathcal{F}(u^{2})(s, k_{1})\frac{\mathcal{F}u(s,k_{2})}{ik_{2}}ds$
$u$ Fourier multiplier $I$ $\mathcal{F}I\varphi$ $:=\mathcal{F}\varphi/(ik)$
(2.5) $u(t)=e^{-t\partial_{x}^{3}}[u(0)+ \frac{1}{3}(Iu(0))^{2}]-\frac{1}{3}(Iu(t))^{2}+\frac{2}{3}\int_{0}^{t}e^{-(t-s)\partial_{x}^{3}}(u^{2}Iu)(s)ds$.
$0$ $u(O),$ $\mathcal{F}u(O, 0)=0$ $\mathcal{F}u(t, 0)=0$ .
$0$ $L^{2}$ Sobolev $\dot{H}^{s}(\mathbb{T})$ $I$ : $\dot{H}^{s}(\mathbb{T})arrow\dot{H}^{s+1}(\mathbb{T})$
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$\mathcal{F}u(O, 0)\neq 0$ $0$ :
(2.6) $u=u’+u\wedge(0)\Rightarrow\dot{u}’+u_{xxx}’+2u\wedge(0)u_{x}’+2u’u_{x}’=0$ ,
$u”(t, x)=u’(t, x+2u\wedge(0)t)$ KdV $\mathcal{F}u’’(O, 0)=0$ .
$H^{s}$ : $\lambda>0$
(27) $u_{\lambda}(t,x):=\lambda^{2}u(\lambda^{3}t, \lambda x)$ ,
KdV , $s>-3/2$ $\lambdaarrow 0$ $\Vert u_{\lambda}(0)\Vert_{H}*arrow 0$ .












(31) $\{\begin{array}{l}i\dot{u}-\triangle u=nu\ddot{n}-\Delta n=-\Delta|u|^{2}\end{array}$
$u$ : $\mathbb{R}^{1+3}arrow \mathbb{C},$ $n$ : $\mathbb{R}^{1+3}arrow \mathbb{R}$ $N_{+}:=$














(3.5) $B_{\pm}[ \varphi,\psi](\xi)=\int_{NR\pm}\frac{\varphi(\xi_{1})\psi(\xi_{2})}{-|\xi|^{2}\pm|\xi_{1}|+|\xi_{2}|^{2}}d\xi_{2}$ .
$u\in H^{1/2},$ $n\in L^{2}$ 3 $H^{s}$ (3.4)
$\Vert\cdot||L^{2}H^{1/2}\sim<\Vert|u|^{2}||_{L^{2}H^{1}/2}\Vert u||_{LH^{1}/2}\infty+||N_{\pm}||_{L^{\infty}L^{2}}||nu||_{L^{2}L^{2}}$
(3.6) $\sim<(\Vert u\Vert_{L^{\infty}H^{1}/2}+\Vert N_{\pm}||_{\iota\infty L^{2}})^{2}\Vert u\Vert_{L^{2}B_{6}^{1/2}}$,
$\Vert\cdot\Vert_{L^{2}L^{2}}\sim<\Vert nu\Vert_{L^{2}L^{2}}\Vert u\Vert_{L^{\infty}H^{1}/2}\leq\Vert n\Vert_{LL^{2}}\infty(\Vert u||_{L^{\infty}H^{1/2}}+\Vert u\Vert_{L^{2}B_{6}^{1/2}})$
$\Vert u\Vert_{L^{2}B_{6}^{1/2}}$ Schr\"odinger Strichartz
$R:=(NR)^{c}$ $|-|\xi|^{2}\pm|\xi_{1}|+|\xi_{2}|^{2}|\leq\epsilon|\xi_{1}|(|\xi|+|\xi_{2}|)$ $||\xi|-|\xi_{2}||\leq$
$\langle\epsilon\xi_{1}\rangle$ $|\xi_{1}|<\sim\langle\xi\rangle\sim\langle\xi_{2}\rangle$ . $u\in H^{1/2},$ $N\in L^{2}$
Strichartz :
(3.7) $\Vert(nu)_{R}\Vert_{L^{2}H_{6/6}^{1/2}}\leq T^{1/4}\Vert n\Vert_{L\infty L^{2}}\Vert u\Vert_{L^{4}H_{3}^{1\prime 2}}$ , $\Vert|\nabla||u|_{R}^{2}\Vert_{L^{1}L^{2}}\leq T^{1/4}\Vert u||_{L^{8/3}H_{4}^{1/2}}^{2}$
$(u, N\pm)\in H^{1/2}\cross L^{2}$
4.
Zakharov
(4.1) $\{\begin{array}{l}i\dot{u}-\triangle u=nu\pm i\dot{N}+|\alpha\nabla|N=|\alpha\nabla||u|^{2}\end{array}$
$\alphaarrow\infty$ Schr\"odinger
(4.2) $i\dot{u}-\triangle u=|u|^{2}u$ , $N=|u|^{2}$
phase $-|\xi|^{2}\pm\alpha|\xi_{1}|+|\xi_{2}|^{2}$
$R_{\alpha}$ : $|-|\xi|^{2}\pm\alpha|\xi_{1}|+|\xi_{2}|^{2}|\ll 1\ll|\xi_{1}|\sim|\xi|\sim\alpha$
2
(4.3) $i\dot{u}_{k}-\Delta u_{k}=n_{k-1}u_{k-1},$ $\pm i\dot{N}_{k}+|\alpha\nabla|N_{k}=|\alpha\nabla||u_{k-1}|^{2}$,
2 $E_{2}$ $\alphaarrow\infty$ ( $H^{s}$ )





$u$ : $\mathbb{R}^{1+3}arrow \mathbb{C}^{3},$ $\triangle$ grad, curl :
(4.4) $i\dot{u}-\nabla\nabla\cdot u+\beta\nabla\cross\nabla\cross u=nu$ ,















(5.1) $\{\begin{array}{l}c^{-2}\ddot{E}-\triangle E+c^{2}E=nE\alpha^{-2}\ddot{n}-\triangle n=-\triangle|E|^{2}\end{array}$
$E:\mathbb{R}^{1+3}arrow \mathbb{R}^{3},$ $n:\mathbb{R}^{1+3}arrow \mathbb{R}$ $c,$ $\alpha$ $(c, \alpha)arrow\infty$
( ) Schr\"odinger





: $\alpha\gamma=2c^{2}arrow\infty$ ($\gamma$ ) $E\sim\Re(e^{ic^{2}}{}^{t}u)$ ,
(5.3) $2i \dot{u}-\Delta u=|u|^{2}u+PV(\frac{|\nabla|^{2}}{|\nabla|^{2}-\gamma^{2}})(u^{2})\overline{u}-\frac{i\gamma\pi}{2}\delta_{|\nabla|=\gamma}(u^{2})\overline{u}$,
$PV\cdots$ $\delta_{|\nabla|=\gamma}$ Fourier
multipliers. $L^{2}$ $(|\xi|=\gamma)$









$tarrow-\infty$ ( ) $tarrow\infty$ (
) ( ) ?
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